Endoscopic stent placement is a common primary management therapy for benign and malignant biliary strictures. However, continuous use of stents is limited by occlusion and migration. Stent technology has evolved significantly over the past two decades to reduce these problems. The purpose of this article is to review current guidelines in managing malignant and benign biliary obstructions, current endoscopic techniques for stent placement, and emerging stent technology. What began as a simple plastic stent technology has evolved significantly to include uncovered, partially covered, and fully covered self-expanding metal stents (SEMS) as well as magnetic, bioabsorbable, drug-eluting, and antireflux stents.
Introduction
Biliary obstruction can occur from both malignant and benign conditions, including pancreatic cancer, cholangiocarcinoma, metastatic disease, chronic pancreatitis, choledocolithaisis, and postoperative strictures. 1 Benign biliary strictures are significant because they can cause jaundice, hepatocellular dysfunction, biliary cirrhosis, pain, pruritus, and cholangitis. 3 Hepatobiliary malignancy causes obstruction in 70-90% of patients, causing similar complications. [1] [2] [3] Prior to the use of stents, the primary treatment for biliary obstruction was surgery, such as cholecystojejunostomy or choledochojejunostomy. 4 The endoscopic placement of biliary stents was first introduced in the early 1980s. 4 There was a rapid shift from surgery towards endoscopic retrograde cholangiopancreatography (ERCP) stent placement because of its better mortality and morbidity profile. 5 Palliation therapy with endoscopic stent placement can be beneficial for many patients with both distal and hilar malignant obstruction. 1 In 1982, the first 10 French plastic stent was placed into a bile duct. 6 In 1988, Speer et al. showed that 10F stents performed better than smaller 8F stents in malignant obstructions. 7 In the late 1980s, self-expandable metal stents (SEMS) were adapted to the biliary tract to improve patency. 8 These stents were also easier to place in the biliary tree, thereby increasing their popularity and use. 2, 4 Although plastic stents are used more frequently, especially for stone disease, SEMS have been evaluated in many other clinical situations, like benign biliary strictures, hilar obstructions, and bile leaks. In 2012, the European Society for Gastrointestinal Endoscopy (ESGE) published guidelines for clinical indications, and selection of stents (Table 1) , and highlighted the strengths of individual stent types. 9 The management of biliary obstruction with stenting is not always straight forward because of recent advancements in stent technology and the availability of multiple stent options. 10 Here, we will review the indications for sphincterotomy before stent placement and the pros and cons of both plastic and metal stents in a variety of clinical settings. Furthermore, there are many subtypes of plastic and metal stents to choose from, including various plastic stent geometry, fully-covered SEMS (fcSEMS), partially-covered SEMS (pcSEMS), and uncovered SEMS (ucSEMS). Endoscopists need to determine the most appropriate stent suited for a variety of clinical situations, such as malignant hilar obstructions, non-malignant hilar obstructions, distal bile duct obstruction, benign biliary strictures, refractory choledocolithaisis, and biliary leaks. We will also discuss some novel stent designs, such as bioabsorbable, drug-eluting, anti-reflux, and magnetic stents, which are currently being assessed for efficacy and complications. 1 With further testing and development of stents, the implementation of highly individualized therapy for both benign and malignant biliary obstructions may be possible in the near future.
p50.032). 13 There was, however, no difference in median stent patency between PE and PU stents. 13 Glandi et al. evaluated if systemic medical therapy could help decrease stent occlusion, and he found that ursodiol and antibiotics were ineffective in decreasing stent occlusion. 14 Currently, most major manufactures use PE stents.
Plastic stent diameter ranges from 5F to 12F, and the length ranges from 1 to 18 cm. 15 10F plastic stents need a 3.7 mm accessory channel while 11.5F stents need a 4.2 mm endoscope channel. 15 Patency time is increased with stents 10F caliber and longer, but stent diameters of 11.5F or 12F have not been shown to be superior over 10F. 16 There are a variety of shapes that can help facilitate anchoring, removal, and flow ( Fig. 1) . 15 Pigtail plastic stents are coiled at one or both ends to allow for easier retrievability and more stable anchoring. 15 These stents have side drainage holes. Flanged stents can be straight, angled, or curved, and they can have single or multiple flaps with side holes located both proximally and distally. 15 
Metal stents
One limitation of plastic stents is the inability to achieve a large diameter. Larger diameter stents maintain longer patency, and self-expanding metal stents were designed for this purpose (Fig. 2) . 15, 17 They are composed of metal alloys, such as platinol (platinum core with nitinol encasement), nitinol (combination of nickel and titanium), or stainless steel. 15, 18 Although nitinol is the metal of choice because of its ability to conform to the curved lumen, no one material has shown superiority. 18, 19 Metal stents are cylindrical in shape and have interwoven alloy wires to create enough radial force around the duct stricture to prevent collapsibility. 18 The length of available SEMS range from 4 to 12 cm, and fully expanded diameters reach 6 to 10 mm. 15 SEMS typically have 8.5F or less delivery systems to allow for use with most endoscopes. 15 Biliary SEMS are released from preloaded through-the-scope delivery systems having diameters of 6 to 8.5F. 4 The stent is deployed by removal of an outer sheath. The use of longer SEMS could increase wall pressure and damage the bile duct. 4 After deployment, the stent is held in place by embedding into the tissue with expanding radial pressure. 4 SEMS can be fully-covered, partially-covered, or uncovered. Uncovered metal stents help prevent migration, but they occlude earlier and cannot be removed due to ingrowth or overgrowth of mucosal tissue. 15 However, they can be placed anywhere in the biliary tract, and they are the most commonly used metal stent. Covered SEMS (cSEMS) were introduced to decrease occlusion, but their complication is migration. 15 Covering material can be made up of polytetrafluoroethylene, fluorinated ethylene propylene, or silicone membranes, all of which are effective. 15 Kahaleh et al. examined 80 patients with a partially covered Wallstent for distal malignant biliary obstruction and found no stent failures from tumor ingrowth. 20 In another study, Kahaleh et al. looked at 101 patients with malignant biliary strictures who received partially-covered Wallstents; only 3 cases of stent occlusion were reported at 12 months, and none were due to tumor ingrowth. 21, 22 SEMS can have straight ends, flanges, or anchoring flaps. Flanges were introduced to control migration, especially in covered stents. 23 Park et al. compared the use of flared end versus anchoring flaps in fcSEMS in a multicenter, prospective study consisting of 43 patients with benign biliary strictures. 23 After a median time of 6 months, no patients in the anchoring flaps group and six (30%) patients in the flared group had stent migration. 23 Removal rate was 100% in both groups. Stricture improvement was similar in both groups. 23 Very few studies are available that compare different brands of SEMS. Loew et al. compared occlusion rates in 241 patients with unresectable malignant biliary strictures receiving the 6 mm Zilver stent, 10 mm Zilver stent, or 10 mm uncovered Wallstent. 24 He found that the 6 mm stent occluded more frequently than both 10 mm stents. 24 Some covered metal stents have retrieval sutures attached to one or both ends to assist in extraction. 15 These could potentially be helpful in biliary strictures after liver transplantation, as theses strictures are generally short and at the anastomosis. 4 Hu et al. placed 13 fcSEMS with sutures for benign biliary strictures with the suture outside the papilla. Although one patient developed stent infection requiring early retrieval, the remaining patients kept the stent in place for 5.4 months without stent migration, and they were removed without complication. Stricture recurrence occurred in one patient. 22 
Cost of metal versus plastic stents
In 2012, the average list price of frequently used metal stents was $1,333, while the average list price of frequently used plastic stents was $75. 9 Despite the higher initial cost, the use of metal stents may reduce overall patient cost by decreasing use of medical resources like hospital stay, ERCP for stent exchanges, and treatment of cholangitis if the plastic stent occludes. [25] [26] [27] When deciding between plastic and metal stents, it is important to take into account the prognosis of a given patient. If a patient is expected to outlive the patency of a plastic stent (.4 months), plastic stent replacement will be necessary. 27 In this situation, the use of a metal stent may be more cost effective than having the patient undergo another procedure for plastic stent exchange. 27 In the setting of uncertain life expectancy with malignant disease, our favorite strategy was highlighted by Yeoh et al. In his study, the placement of a plastic stent followed by a metal stent in longterm survivors was the most economical based on Medicare reimbursement rates in 1998. 27 When performing a cost analysis, they found the most important variables affecting outcome were the cost of ERCP, followed by the cost of the metal stent, and then the probability of requiring stent exchange after the first plastic stent. 27 They determined if the cost of the metal stent was less than half the cost of ERCP, then initial insertion of a metal stent would be more cost effective. 27 A factor to consider when performing an ERCP is whether the diagnosis of malignant or benign biliary stricture is certain. 27 If the diagnosis of malignancy is established, staging may not be complete and the patient might still be a surgical candidate where a plastic stent may be more appropriate. 27 Lastly, the endoscopist may have not had the chance to discuss the advantages and disadvantages of plastic versus metal stents with the patient. 27 Chen et al. advocated SEMS placement in all patients found to have pancreatic cancer. They found that it is costeffective for the management of obstructive jaundice even when it is unknown whether they will have a pancreaticoduodenectomy. 28 Distally placed SEMS do not interfere with the surgery. 28 They concluded in patients undergoing ERCP before definitive cancer staging, short-length SEMS is the preferred cost-minimizing strategy. 28 Data from Yoon et al. supported this conclusion. They evaluated 112 patients in Korea, where the cost of ERCP is less than those of metal stents. They concluded ERCP with metal biliary stents offers better palliation without a significant increase in cost in patients with unresectable malignant biliary obstruction ($1,488 in the metal stent group versus $1,318 in the plastic stent group p50.422). 29 
Novel stents

Magnetic stents
Ryou et al. investigated in a porcine model a magnetic stent that can be retrieved by using an external hand-held magnet, thereby eliminating the need for second endoscopy for stent removal. 30 This technology is especially useful in bile leak stenting post-cholecystectomy. 30 The stent used was a modified 9.5 mm Geenen pancreatic stent with neodymiumiron-boron magnet extensions. In ex vivo testing, the captured distance was 10 cm. During in vivo testing, the magnetic stents were inserted and removed easily, with approximate retrieval times of 3.2 min and 33 sec, respectively. 30 One concern of this novel stent system is its performance by an inexperienced user who may cause the stent to migrate proximally. 30 This stent is currently being studied ex vivo, and clinical trials should not be expected soon.
Bioabsorbable stents
Bioabsorbable stents have been studied for their use in malignant and benign disease. Yamamoto et al. investigated a biodegradable 6 mm615 mm poly-L-lactic acid Z pattern stent with platinum markers and placed them in 12 dogs. 31 Cholangiography and laparotomy were performed at 1, 3, 6, and 9 months, and the stents remained patent throughout. Endothelial ingrowth into the wall was seen in nine of 12 dogs. No gross degradation was seen at 1, 3, or 6 months, but fragmentation had started at 9 months when the stents were removed. 31 Haber et al. demonstrated safe deployment of a 10 mm674 mm bioabsorbable poly-L-lactide stent in 48 of 50 patients with malignant biliary obstruction. 32 Notably, radial compliance force was reduced by 60% in this stent relative to plastic stents. Outcomes of the study have not yet been published. 32 More clinical studies using bioabsorbable stents need to be performed.
Drug-eluting stents
SEMS are often used for malignant biliary obstruction, but they are susceptible to occlusion from epithelial mesh overgrowth. Drug-eluting stents may improve stent patency. 1 Paclitaxel, a chemotherapeutic agent that has been shown to inhibit cell proliferation in fibroblasts, pancreatic cancer, and epithelial cells in the gallbladder, has been studied for its effect on patency. 33 Suk et al. investigated Niti-S Mira-Cover stents coated with paclitaxel. They inserted 21 stents in patients diagnosed with unresectable malignant biliary obstruction. Nine patients developed obstruction during the study. Four were caused by bile sludge, three had tumor overgrowth, and two had tumor ingrowth. Mean patency of drug-eluting stents were 429 days with 100% patency at 3 months, 71% patency at 5 months, and 36% patency at 12 months. 34 Song et al.
performed a prospective randomized pilot study comparing 24 patients with paclitaxel-eluting cSEMS and 25 patients with standard cSEMS. There was no difference in stent patency duration or survival time. 35 To date, there are no randomized control trials (RCTs) comparing drug-eluting and covered metal stents. Based on the few studies available, drug-eluting stents seem to offer little, if any, benefit.
Anti-reflux stents
Stents with antireflux valves may lead to longer patency and decreased incidence of cholangitis. 1 Dua et al. did a prospective randomized trial using the 10F antireflux plastic biliary stent (Tannenbaum type). Patency average was 145 days for the reflux stents and 101 days for control group plastic stents, and this difference was not statistically significant. 36 Other studies have focused on metal antireflux stents. Hu et al. examined 23 patients with unresectable nonhilar malignant biliary obstruction and successfully placed antireflux metal stents in all patients. 37 Stent failures occurred for a variety of reasons, including one patient with tumor ingrowth, two with tumor overgrowth, and three with stent migration. Median duration of stent patency was 425 days. At 3, 6, and 12 months, 95%, 74%, and 56% of stents, respectively, were patent. 37 In 2012, Hu et al. performed another prospective randomized trial with 104 patients. Patency was 505 days in the antireflux stent group (n552) and 301 days in the uncovered metal stent group (n552), and the difference between the two groups was significant (p50.031). Also, there were fewer episodes of fever in patients with antireflux stents, suggesting a reduction in cholangitis. 38 Since decreasing occlusion and cholangitis episodes are two important primary outcomes, anti-reflux SEMS are worthy of further investigation. 1 
Sphincterotomy usage
Some endoscopists use sphincterotomy before stenting because stent placement may be easier for stent exchange during follow-up or if more than one stent will be placed. 9 The loss of bile duct access is the endoscopist's biggest fear in ERCP, and many will perform a sphincterotomy to prevent this. However, several RCTs have shown that biliary sphincterotomy is not necessary when placing a single plastic or metal biliary stent. [39] [40] [41] [42] Giorgio et al. looked retrospectively at 172 patients with malignant common bile duct (CBD) obstruction and showed that sphincterotomy was not necessary for successful placement of 10F plastic stents. Half of the patients had sphincterotomy prior to the placement of stents while the other half did not. Stent insertion was successful in 96% of patients in the sphincterotomy group and 94% in the nonsphincterotomy group. 40 Artifon et al. looked at sphincterotomy before SEMS in patients with malignant CBD obstruction from pancreatic cancer. 39 He randomly assigned 74 patients to biliary stenting with or without sphincterotomy. cSEMS were placed in all patients. Their main outcomes included migration, occlusion, bleeding, and pancreatitis. While 48% of the patients with sphincterotomy experienced complications, only 10% of patients without sphincterotomy experienced complications. 39 Banerjee et al. looked at 104 patients retrospectively that required biliary drainage for pancreaticobiliary malignancies and found that patients who underwent biliary sphincterotomy during transpapillary SEMS placement experienced more complications without increased duration in stent patency. 42 Moss et al. performed a metaanalysis on 1,454 people and showed sphincterotomy-related complications in 24% of patients that underwent SEMS for obstructing pancreatic carcinoma. The most common complications were bleeding (13%) and perforation (11%). 12 The above studies demonstrated that sphincterotomy has complications and provides no clear benefit to routine biliary stent placement. Sphincterotomy should be reserved to technically challenging ERCPs that need stent placement. The risks and benefits of a sphincterotomy in each case should be individually assessed. 9 Management of malignant non-hilar biliary obstruction Nonhilar biliary obstruction most often results from malignancies, including duodenal, pancreatic, and gallbladder cancers, distal cholangiocarcinoma, and metastatic disease. 10 At least 66% percent of patients with distal malignant strictures are not candidates for curative resection because they cannot tolerate surgery or the lesion is unresectable or metastatic. 2 Thus, palliative options for drainage include surgery or stents placed either percutaneously or endoscopically. 10 The endoscopic method has become the preferred method for drainage by stent placement because of its less invasive nature and superior complication profile relative to the percutaneous route or surgery. 10, 43 Surgery does, however, offer more extensive palliative care options.
Plastic versus metal stents in non-hilar malignant biliary obstruction
Biliary stents are thought to provide symptomatic relief of jaundice, pruritus, and anorexia when used in malignant biliary obstruction. A meta-analysis of four RCTs showed no difference in initial insertion and early therapeutic success between SEMS and plastic stents in malignant biliary obstruction. 11 Nevertheless, with SEMS, there was less stent occlusion by 4 months and decreased overall biliary obstruction relative to plastic stents. 11 In general, SEMS have longer patency compared to plastic stents. In particular, they are a good choice for inoperable duodenal, biliary, and pancreatic cancer causing bile duct obstruction. 44 In one meta-analysis, the average lengthened patency with SEMS was 60 days over plastic. 45 In another meta-analysis of seven RCTs that included 724 patients with nonhilar malignant biliary obstruction, the risk of recurrent biliary obstruction at 4 months was decreased by 50% with SEMS compared to plastic stents. 9, 11 However, in patients with a prognosis of less than 4 months, plastic stents are a better choice because of lower cost and lower risk for migration and occlusion at the 3 month mark. 46 A meta-analysis of five RCTs with a total of 498 patients showed no difference between plastic and SEMS at 30 days regarding jaundice, bilirubin, pruritus, and mortality. 9 All these studies support the guidelines issued by ESGE in 2012 (Table 1) for nonresectable malignant biliary obstruction and show that plastic stents are a good option when patient prognosis is ,4 months, while SEMS are a better option if the prognosis is .4 months. 9 
Covered SEMS versus uncovered SEMS
In malignancy, tumor overgrowth or ingrowth frequently causes the metal stent to obstruct. 47 This led to the innovation and subsequent use of cSEMS. Isayama et al. studied cSEMS in 112 patients with nonhilar biliary malignancy. Their data showed that PU cSEMS have a longer patency than uncovered stents. Stent occlusion occurred in eight patients after 304 days in the covered group and in 21 patients after 166 days in the uncovered group. 4, 48 However, the cSEMS group had an increased frequency of stent migration. 49 Telford et al. reconfirmed the migration issue when he compared uncovered and covered stents in malignant nonhilar obstructions. This study did not show any significant difference in mortality or recurrent biliary obstruction, but covered stents exhibited more frequent migration. 50 In 400 patients in a RCT, there was no significant statistical difference in stent patency between uncovered and covered self-expandable nitinol stents in the treatment of malignant nonhilar biliary obstructions. 47 Covered stents did migrate more often compared to uncovered stents, while tumor ingrowth was more frequent with uncovered stents. 47 Current guidelines do not identify a benefit in cSEMS over ucSEMS in the treatment of nonhilar biliary obstructions, but further trials are being conducted to compare the two (Fig. 3) . 9 The precise utilization of the two types of SEMS is still an unresolved issue.
Management of malignant hilar biliary obstruction
The central location where the common bile duct, hepatic portal vein, and hepatic artery enter is called the hilum or porta hepatis. The duct, vein, and artery split into left and right branches to supply the right and left lobes of the liver. Approximately 55% of the liver is drained through the right hepatic duct, 35% through the left hepatic duct, and 10% through the caudate lobe. 51 Cholangiocarcinoma, followed by gallbladder cancer, hepatocellular cancer, and metastatic hilar lymphadenopathy are the most common causes for hilar malignant obstructions. 10 In patients with a malignant hilar CBD obstruction, preoperative biliary stent placement is an option. However, two RCTs showed an increase in overall morbidity compared with direct surgery. 52, 53 Lai et al. examined 87 patients assigned to either elective surgery (n544) or endoscopic biliary drainage followed by exploration (n543). 52 Overall morbidity rate (18 patients versus 16 patients) and mortality rate (6 patients in each group) were similar in the two arms. Patients with hilar lesions had a higher incidence of cholangitis and failed drainage after stent placement. 52 Van der Gaag et al. looked at preoperative biliary drainage versus surgery alone in 202 patients. 53 Complications occurred in the surgery group at a rate of 39% (37 patients) and at a rate of 75% (75 patients) in the biliary drainage group (RR50.54, 95% CI 0.41 to 0.71, p,0.001). 53 Preoperative biliary drainage was successful in 94% of patients (96 patients). Mortality did not differ between the two groups. 53 The benefit for preoperative drainage is uncertain in patients with malignant hilar obstruction, and more studies need to be performed. A meta-analysis of 11 studies showed no difference in death or length of stay without and with stent placement prior to any biliary surgery. 54 Overall, a minority of patients with pancreatic cancer undergo resection, making SEMS with longer patency a reasonable choice. 9,55,56 A multidisciplinary discussion should be made with a hepatobiliary surgeon on resectability of the tumor before any metal stent is placed, especially in hilar malignancy. Most patients with malignant hilar tumors are stenting candidates. 57 Less than 20% of hilar tumors are resectable, and liver transplants are done in a very careful manner due to the known high risk of tumor reoccurrence. 57 
Plastic vs metal stenting
In 1993, Wagner et al. found a trend suggesting that SEMS have improved patency relative to plastic stents (although not significant). In addition, the SEMS group demonstrated decreased cholangitis and a significant decrease in reinterventions to manage stent-related problems (2.4% vs 0.4%, respectively). 10, 25 In a trial with 62 patients, it was shown that SEMS were statistically superior to plastic stents for hilar tumor palliation 30 days after stent placement with regard to multiple adverse outcomes, including occlusion, cholangitis, migration, and perforation. 58 In another study, Raju et al. found SEMS (n548) patency was statistically superior to that of plastic stents (n552) with hilar cholangiocarcinoma. Median patency was 1.86 months in the plastic group and 5.56 months in the SEMS group. 4, 59 In a retrospective review of 52 SEMS in 35 patients by Cheng et al., five (14%) patients with SEMS had complications, including cholangitis or early stent closure when stenting unresectable hilar cholangiocarcinoma. 4, 60 Park et al. studied an unusual stent with similar results. He inserted a Bonastent M-Hilar SEMS with a cross wired nitinol mesh into 34 patients with unresectable malignant hilar biliary strictures of Bismuth type II or higher. Median survival was 180 days, and stent patency was 150 days. Success with placement of the newly designed metal stent was 94%. 4, 61 Taken together, these studies showed that SEMS are superior to plastic stents for palliation in patients with hilar malignancy.
Covered vs uncovered SEMS
The general consensus on cSEMS versus ucSEMS for malignant hilar obstruction is in favor of ucSEMS. cSEMS cover the small feeding intrahepatic biliary ducts and have migration issues and thereby have inferior outcomes in malignant hilar strictures. There is a lack of convincing data regarding this issue, mainly because the positive initial experiences with ucSEMS were so telling.
Unilateral vs bilateral stenting
The consensus for effective biliary drainage, whether unilateral or bilateral stenting is used, is to drain more than 50% of the liver volume. 62 Vienne et al. proposed this after evaluating the effectiveness of any biliary drainage and found that successful drainage is a decrease in the bilirubin of more than 50% at 30 days, a standard that has been widely adopted. 62 In theory, unilateral drainage may not completely reduce jaundice (especially in a cirrhotic liver) and may increase the incidence of cholangitis. 10 Studies comparing the two methods are available, but the data are inconclusive. Naitoh et al. retrospectively reviewed 46 patients with malignant hilar biliary obstruction between 1997 and 2005 and compared endoscopic unilateral versus bilateral stent placement. 63 There were no differences in stent insertion success with unilateral and bilateral stenting (100% vs 90%, respectively), drainage success (100% vs 96%, respectively), early complications (0% vs 10%, respectively), or late complications (65% vs 54%, respectively) between the two groups. Of note, long term stent patency was superior in the bilateral metal stenting group relative to the unilateral stenting group in cholangiocarcinoma. 63 In another study, Chang et al. showed increased survival with bilateral drainage (225 days) versus unilateral drainage (80 days). 64 However, one must keep in mind that it is difficult to place bilateral hilar biliary stents endoscopically due to the anatomy and angulation in the biliary system.
Bilateral side-by-side method
Typically, bilateral stenting is performed using the side-by-side technique. In this technique, two SEMS are placed parallel into the right and left hepatic ducts. If the stents become occluded, endoscopic revision can be performed through each stent, a benefit of this technique. 65 Both SEMS should be placed at the same level in the CBD or in the distal ends of the duodenum to allow for easy revision if occlusion occurs. 65 Tangling of the two guide wires before deployment, difficulty deploying the stent for drainage, and different stricture lengths are complications with this method. 65, 66 Chennat et al. tried to overcome these obstacles using a 6F endoscopic biliary SEMS in hilar malignant obstruction. 67 Forty-nine Zilver SEMS were placed in 16 patients for Bismuth type II and IV lesions. Placement of stents occurred in 100% of patients. Overall, there was one early and three late stent occlusions, with successful biliary drainage occurring in 75% of patients.
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Bilateral stent-in-stent method Bilateral stenting is usually accomplished with stents placed in a side-by-side manner. However, an alternative method is the stent-in-stent method. In this method, a SEMS is placed across the bifurcation, and a second SEMS is placed within the contralateral intrahepatic bile duct through the initial stent. 61, 65, 68 Balloon dilation of the contralateral hepatic duct before the deployment of the first SEMS and/or in the initial SEMS has been shown to be useful. 61, 65, 68 A stent particularly suitable for this is the Niti-S large cell D-type biliary stent developed by Taewoong Medical. It has a large 7 mm cell mesh pattern through the entire length of the stent. Kogure et al. examined the feasibility and efficacy of this large mesh stent for both unilateral and bilateral drainage of malignant hilar biliary obstruction. 69 Twelve patients first underwent unilateral or bilateral drainage using a plastic stent or nasobiliary drainage tube. If jaundice improved, the plastic stent or drainage tube was replaced with a unilateral large mesh biliary stent; and if jaundice did not improve, bilateral large mesh stents were placed. Stent placement was successful in all 12 patients. Five patients had bilateral stent placement, while seven patients had unilateral placement. Six patients had stent occlusion because of tumor ingrowth (two with bilateral, two unilateral) or sludge (one with bilateral, one unilateral). Median stent patency was 202 days. 69 Although the results were comparable with unilateral and bilateral side-by-side stent placement, Kogure and others have demonstrated good success with the stent-in-stent method.
Kim et al. used the stent-in-stent method with a Niti-S biliary Y-stent for malignant hilar obstruction. 70 They used an open weave stent, allowing for more flexibility in aligning this area at the hilum. 70 The weave is designed to tighten, thereby increasing radial force to maintain cannulation. Kim et al. showed that these stents had a stent-in-stent placement of 87%, with cholangitis reported in 1.5% of patients. The Ystent bilateral technique is a viable option to treat malignant hilar obstruction. 10, 70 In 2010, Chahal et al. deployed bilateral SEMS with a stent-in-stent approach. 71 They used a large mesh SEMS with deployment across the bifurcation. The second SEMS was deployed through the initial SEMS, forming a Y-shaped configuration. Bilateral drainage was established in all 21 patients attempted. One patient had an early stent occlusion, and seven patients had a late stent occlusion. 51, 71 The stent-in-stent method avoids excessive expansion of the bile duct compared with the side-by-side stent method and achieves more liver drainage, theoretically decreasing the rate of cholangitis. 51 Many of the reported studies for stent-in-stent insertion methods have different numbers of patients, stents, and techniques. Because of the variability across studies, there is no accepted protocol or clinical situation for bilateral stentin-stent deployment, although it may be the best therapy for cholangiocarcinoma.
Percutaneous vs endoscopic approach
If one chooses percutaneous drainage of a malignant obstruction, magnetic resonance cholangiopancreatography (MRCP) should first be done to assess biliary anatomy to guide therapy. 10 A percutaneous drain is then initially placed externally and then converted days later to an internal drain with either plastic stent or SEMS. 10 Reported complications of the percutaneous approach are hemothorax, pneumothorax, intraperitoneal bleeding, infection, bile leaks, ascites leak, and subcostal pain. 10 The endoscopic approach is associated with fewer complications and shorter hospital stays. 10 Lee et al. looked at 134 patients and compared the efficacy of endoscopic retrograde biliary drainage (ERBD), external percutaneous drainage (EPD), and internal percutaneous drainage (IPD). 72 Patency for ERBD and IPD were better than EPD with Bismuth type III. IPD provided the best response for Bismuth type IV. There was no difference in the patency rate among drainage procedures for Bismuth type II. Paik et al. also evaluated 85 patients with Bismuth III or IV hilar cholangiocarcinoma. Percutaneous decompression was successful in 93% of patients versus 77% for endoscopic SEMS. 73 Current data recommends that Bismuth I-III obstructions should undergo endoscopic stent placement for palliation, while Bismuth IV should undergo percutaneous stent placement.
72,73
Management of benign biliary strictures
Benign biliary strictures can have multiple etiologies. Postoperative strictures can be promoted by cholecystectomy or liver transplant, and chronic inflammatory disorders like pancreatitis or primary sclerosing cholangitis can also produce strictures. Benign biliary strictures can manifest with a spectrum of clinical presentations, ranging from asymptomatic to liver failure. Current treatments include hepaticojejunostomy, percutaneous dilatation, and endoscopic dilatation with stent placement. 10 Before biliary stents, cholecystectomy induced bile duct injury and strictures were treated surgically with long term patency, on the order of 10-15 years. 5 There are few head-to-head studies looking at surgical versus endoscopic management of benign biliary strictures. Davids et al. looked at 66 patients treated for strictures from bile duct injuries, where 31 patients were treated with endoscopic stent placement, and 35 patients were treated surgically. 5 Stents were exchanged every 3 months for 1 year. Early complications, like bacteremia, hemorrhaging, and bile leakage, were more common in the surgical group (26% vs. 8%). However, rates of stricture recurrence were similar (17%) for both patient groups at 42 months and at 50 months. Benign stricture dilation prior to stent placement Dilation of a stricture using hydrostatic balloons or a catheter can be placed over a guide wire to facilitate single or multiple stent placement or be used as therapy alone. 77 In most cases, strictures caused by surgery, primary sclerosing cholangitis, and chronic pancreatitis can be initially dilated and then stented to maintain long-term patency. 77 There are not many studies examining whether endoscopic dilation alone can be used to treat benign strictures. Kaya et al. looked at 71 patients with dominant strictures caused by primary sclerosing cholangitis and compared balloon dilation to stent placement. 78 Thirty-four patients were treated with dilation alone and 37 patients were treated with dilation then stent placement. The number of complications (6 vs 30, respectively p50.001), including acute cholangitis (p50.004), were more common in the stent group compared to balloon dilation group. There was no difference between the two groups regarding improvement of bilirubin level. 78 
Plastic vs metal stents
Temporary placement of multiple plastic stents is possible in .90% of patients with benign biliary strictures. Studies have shown this technique provides the longest patency, but it remains unclear if it is superior for therapy. 9, 79 Two systematic reviews showed a 94% success rate with placement of multiple plastic stents, 80% with cSEMS, and 60% with single plastic stents. 9, 79 Endoscopic success in stricture resolution for postoperative strictures is around 80% and 20% in chronic pancreatitis strictures. 80 Catalano et al. showed that multiple simultaneous plastic stents are superior to single stent placement. In this study, 12 patients with biliary strictures caused by pancreatitis had multiple stents placed versus 34 patients with single stent placement. Normalization of all liver function tests only occurred in the multiple stent group. 9, 81 Kuzela et al. examined 43 patients with benign biliary stricture after cholecystectomy who had multiple plastic stents placed. 82 The mean follow-up time was 16 months with 100% resolution of biliary strictures. 82 Plastic stents in post-transplant biliary strictures were evaluated by Morelli et al. 83 Thirty-eight patients had a mean of 2.5 stents inserted over 107 days. Mean follow-up was 360 days with stricture resolution in 87% of patients. 9, 83 Complications after stent placement were as follows: cSEMS (40%), single plastic stents (36%), and multiple plastic stents (20%). 9 ucSEMS have been looked at in benign biliary strictures, but its use is limited due to mucosal hyperplasia, making stent removal not recommended. 9 Fully covered self-expanding metal stents fcSEMS for use in benign biliary structures is an area actively being studied. Perri et al. conducted a prospective trial consisting of 17 patients examining fcSEMS in biliary strictures caused by chronic pancreatitis not responding to plastic stents. 84 Initial stent placement with unflared ends had a migration rate of 100%, with 43% in stricture resolution. Patients were then given flared-end stents, showing 40% migration with stricture resolution of 90% at 6 months and 80% at 12 months. 84 Irani et al. performed a retrospective study of 145 patients using cSEMS for the decompression of benign biliary strictures. 85 Stricture resolution occurred in 66% of the patients with stent duration of 26 weeks. Extrinsic strictures were treated successfully in 49% of cases, with an 87% success rate in patients with intrinsic strictures. All cSEMS were able to be removed. 85 Mahajan et al. used 10 mm fcSEMS with fins in 44 patients with benign biliary strictures. Resolution of the strictures was confirmed in 83% of patients, with a median post-removal follow-up of 3.8 months. Resolution was defined by normalization of liver function tests (LFTs), imaging, and symptoms. 4, 86 GarciaCano et al. performed a similar study with 20 patients and placed 8 mm fcSEMs for benign strictures. 87 Stents were extracted at an average time of 4 months, and complete resolution of biliary symptoms were seen in 14 patients (70%) without any reported complications from stent removal. 4, 87 In 2014, a large prospective multicenter trial by Deviere et al. looked at fcSEMS in 187 patients at 13 centers across 11 countries. 88 Successful endoscopic removal was achieved in 75% of patients. Eighty-one percent had stricture resolution for chronic pancreatitis, 63% for post-liver transplant, and 61% for patients that underwent cholecystectomy. Follow-up at the 20 month mark showed a stricture recurrence of 15%. 88, 89 Plastic stents for benign biliary strictures are the standard of care at present time. Continued long term studies need to be performed on fcSEMS to make conclusions regarding their efficacy and outcome in benign biliary strictures.
Management of biliary leaks
Stents can also be used to treat cystic or bile duct leaks after cholecystectomy, liver transplant, or liver surgery. Cholecystectomy is the most common cause of biliary leaks. 9 Stents suppress the pressure gradient between the biliary tree and the duodenum to allow bile into the duodenum and for the leak to seal off. 9 Most of the clinical studies in the past have evaluated plastic stents in the treatment of biliary leaks, with resolution in 70-100% of patients. 15 Mavrogiannis et al. showed that a 7F stent placement for cystic duct leak postcholecystectomy is as safe and effective as biliary stenting with sphincterotomy followed by a 10F large-diameter stent. 9, 90 Luigiano et al. used two fcSEMS for managing a complex bile leak after open cholecystectomy. 91 A 10 mm diameter, 8 cm long fully covered Wallflex stent was initially placed, but ERCP showed the proximal end below the bile duct, causing leaks. Another 8 cm fcSEMS was placed inside the first stent, covering the area of damaged bile duct and resolving the leakage. Six weeks later, the stents were removed with confirmed resolution of the bile leak. Removal of the distal stent was complicated by sticking to the bile duct, so a 10 mm diameter controlled radial expansion balloon was used to dislodge the stent. The technique of inflating a balloon inside a stent to assist its removal had been used to remove fcSEMS. 4, 91 Wang et al. looked at 13 patients with complex bile leaks undergoing temporary placement of fcSEMS after cholecystectomy or liver transplantation. 92 All patients had resolution of bile leaks. Ten of 11 patients had biliary debris at removal, and two patients developed a stricture below the confluence. In this study, cSEMS are less prone to migration but are associated with ulcerations, choledocholithaisis, and strictures.
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Management of refractory choledocolithaisis
Biliary stone removal fails 5-10% of the time after ERCP, even after the use of lithotripsy or large balloon dilatation technique. If these techniques fail or if an alternative to these approaches is needed, a stent may be inserted. The stent can help with drainage of bile and stone dissolution, which can result in eventual successful endoscopic stone removal. 9 To further assist in dissolution of biliary stone, ursodeoxycholic acid with terpene has been shown to increase dissolution of the stone when a stent is in place. 9, 93 When sphincterotomy is contraindicated or bile duct stone extraction had been unsuccessful, stenting can be beneficial in preventing stone impaction and cholangitis both prior to surgery or before another endoscopy. Many of these patients are high risk surgical candidates, so surgery is not an option. Cerefice et al. reported 29 patients with success in stone clearance when a cSEMS was placed during initial ERCP after unsuccessful stone extraction. 94 
Stenting complications reviewed
Early complications
Post-ERCP biliary infection is a complication and is fatal in 8-20% of cases. 9 Routine antibiotic prophylaxis is recommended in patients with liver transplant, severe neutropenia, hematological malignancy, or incomplete biliary drainage.
Full antibiotics should be administered if sufficient biliary drainage is not achieved.
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Late complications
Occlusion of stents is the most common cause of stent failure. These stents can be occluded for a variety of reasons. When bacteria deconjugate bilirubin, bilrubinate salt is produced, which leads to obstruction of the stent. 4, 96 ucSEMS were found to have increased epithelial and mucosal hyperplasia, causing inflammation and requiring repeat stenting. 4 cSEMS are showing the most promise with the least incidence of occlusion. Occlusion of biliary SEMS should be treated by inserting a second SEMS or a plastic stent if life expectancy , 3 months. 9 Migration is a common complication with plastic stents. Five percent of plastic stents, 1% of pcSEMS, and 35% of fully covered stents have been shown to migrate. 9 Most plastic stents that migrate distally are eliminated spontaneously, while most SEMS are rarely eliminated spontaneously and need to be retrieved through ERCP. 9 If a SEMS migrates distally and cannot be removed by ERCP, the ends can be trimmed or a second SEMS can be inserted to help with elimination of the first stent. 97 Many cSEMS are smooth, which provides little resistance to the bile duct wall, leading to the complication of migration. Anchoring flaps or flared ends help prevent migration. Mahajan et al. showed that only two of 44 cSEMS with anchoring fins migrated, but increasing incidence of ulceration and bleeding were a consequence of the fins. 4, 86 Because cSEMS can cover the cystic duct, cholecystitis can occur in 3-12% of cases. 4 Risk factors for cholecystitis are neoplastic involvement of the cystic duct and gallbladder stones. 9 
Conclusions
Biliary stents have been used since the early 1980s for the treatment of malignant and benign biliary obstructions. Plastic stents were the first to be used, and there have been continued efforts to design stents to decrease migration obstruction, and complications with removal and placement. Stent technology has expanded to cSEMS and ucSEMS, which have proven to be useful in both hilar and nonhilar malignant obstructions. Postoperative or post-transplant benign strictures or strictures from chronic pancreatitis often are treated with plastic stents. Although not guideline recommended yet, interest in using fcSEMS for benign biliary disease is growing, and studies show promising outcomes. As technology advances, further development of biliary stents promotes continued research. Novel stents, including magnetic, bioabsorbable, antireflux, and drug-eluting stents, have been developed and are still undergoing evaluation. Variability in the techniques used in stent placement studies, different stent designs, and different stent manufacturers make it difficult to draw overarching conclusions regarding which stent is ideal for a given clinical situation. Endoscopists should be aware of the different indications for stent placement, options for stents, and various techniques that are currently available for use in each different clinical situation they may encounter. An informed discussion should be conducted with each patient regarding the best therapeutic options available and realistic expectations in order to optimize outcomes and quality of life.
